Adenovirus 12 (Adl2 ) (Huie) ( 
. Green (6) confirmed this, using highly purified preparations of several strains of these serotypes, and established that Adl4, 16 , and 21 were tumorigenic. Cells transformed by members of the three oncogenic human Ad groups contain viral DNA sequences (7) (8) (9) (10) (11) in an integrated form (12) and synthesize viral mRNA (7, 13, 14 (12, (15) (16) (17) . Viral DNA was isolated and purified by the method of Green and Pifia (15, 16) . HE C19 cells were derived from HE cells (hamster embryo cells transformed by Adl2 strain Huie) (13) by two sequential clonings in soft agar. Cells were grown and DNA was purified as reported (12) . Endonuclease EcoRI restriction fragments were prepared as described (12 Hybridization Conditions. Hybridizations were performed in 0.72 M NaCl, 10 mM piperazine-N,N'-bis(2-ethanesulfonic acid) (Pipes), pH 6.7, 1 mM EDTA and 0.05% sodium dodecyl sulfate. Viral probe concentrations were 0.1-1 ng/ml, and cell and tissue DNA concentrations were 6 mg/ml unless otherwise specified. Reaction mixtures (10-100,ul) were sealed in siliconized capillaries and incubated at 680. The fraction of duplex DNA was determined by batch elution from hydroxylapatite (12) .
RESULTS
Fidelity, Sensitivity, and Specificity of Adl2 DNA Probe Labeled In Vitro. In our standard assay of tumor DNA for Adl2 information, the concentrations of tumor DNA and radioactive DNA probe were chosen to give a ratio of 50 to 100 cell genome equivalents per viral DNA molecule. We used 6 mg/ml of tumor DNA and hybridization times to yield an equivalent Cot of 2 to 5 X 104 (Cot is the concentration of DNA X time in mol-sec/liter); the labeled probe would hybridize if one copy of viral DNA was present in every tenth tumor cell.
The efficacy and sensitivity of the probe and hybridization procedure were tested by three different reconstruction experiments: Adl2 [3H]DNA was annealed to (i) different amounts of unlabeled Adl2 DNA, (ii) DNA from Adl2-transformed hamster cells (HE C19) that contain 8 to 10 integrated copies of 90-100% of the viral genome (12) , and (iii) DNA from virus-free primary hamster tumors induced by Adl2 and containing 6 to 18 copies of 90-100% of the viral genome in an integrated state (Green et al., in preparation) . Fig. 1 The effect of cell DNA concentration (30-6000,ug/ml) on hybridization of the Adl2 DNA probe is shown in Fig. 2 (Adl2-transformed cell DNA) and Fig. 3 labeled Adl2 DNA as probe. No tumor samples gave significant hybridization (Fig. 6) . Reconstruction experiments showed that 0.2 copy per cell of Adl2 DNA yielded 55% and one copy 75-80% hybridization. The data in Fig. 6 with lung tumors (too few tumors in the other tumor categories were analyzed) probably exclude the presence of Adl2 DNA.
The studies with the entire Adl2 genome indicate the absence of Adl2 genetic information from human GI normal and tumor tissue. Most convincing were analyses using as probe 32P-labeled Adl2 EcoRI-C fragment (left 16% of the viral genome), which has been reported (ref. Table 1 presents analyses of DNAs from 32 GI tumors and 5 normal GI tissues for EcoRI-C sequences; none was detected, i.e., each hybridization value was within 3 SD of background. The sensitivity is sufficient to exclude 1-2% of the Adl2 genome per cell. Thus, our data provide strong evidence that Adl2 is not a major cause of GI cancers, and confirm the analysis of 33 GI tumors with whole Adl2 DNA as probe (Fig.  5 ).
DISCUSSION
We have examined the possible involvement of human Adl2 (Huie) (highly oncogenic group A) in human cancer by using highly sensitive Adl2 DNA probes to analyze human tumor DNA for Adl2 genetic information. In analyses of 34 GI tumors, 22 lung tumors, and a number of other tumors, we were unable to detect Adl2 genetic information, suggesting that Adl2 (Huie) is not involved in human GI or lung cancer. However, to completely exclude Adl2 as a causal agent of these cancers it is necessary to know (i) the number of malignant cells per tumor, (ii) the fraction of the Adl2 genome represented by transforming gene(s), and (iii) the number of copies of transforming gene(s) per tumor cell that could be detected by our Several years ago we analyzed human tumors for Ad genetic information by hybridization-competition, and concluded that human tumors contained less than 1000 molecules per cell of Ad mRNA (6) . We 
